The complex geometry of the whole detector of the ATLAS experiment at LHC is 8 currently stored only in custom online databases, from which it is built on-the-fly on request. 9 Accessing the online geometry guarantees accessing the latest version of the detector description, 10 but requires the setup of the full ATLAS software framework "Athena", which provides the 11 online services and the tools to retrieve the data from the database. This operation is 12 cumbersome and slows down the applications that need to access the geometry. Moreover, 13 all applications that need to access the detector geometry need to be built and run on the same 14 platform as the ATLAS framework, preventing the usage of the actual detector geometry in 15 stand-alone applications.
Moreover, a dedicated REST API is being designed and developed to serve the geometry 23 in standard exchange formats like JSON, to let users and applications download specific partial 24 geometry information. 25 With this new geometry persistification a new generation of applications could be developed, 26 which can use the actual detector geometry while being platform-independent and experiment-27 independent. 28 1. Anatomy of a GeoModel geometry graph 29 The complex geometry of the whole detector of the ATLAS experiment [1] at LHC is currently 30 stored only in custom online databases, from which it is built on-the-fly on request. The master 31 copy of all ATLAS detector geometry in the ATLAS software is the GeoModel [2], a C++ 32 package used to build a graph of geometrical primitives resembling a scene graph 1 .
33
The description of a detector geometry consists of a tree of GeoModel nodes pretending to 34 be a tree of volumes. The geometry graph consists of both placed volumes and parameterized 35 1 In computer graphics, there are different approaches are used to organize the 3D objects in the world ; one of them is the scene graph: a structured tree of nodes representing graphical primitives and appearance properties, organized so to give the final image. The GeoModel has a similar structure, with nodes representing geometrical primitives.
(a) (b) (c) Figure 1 : a) an example of a complex piece of the ATLAS detector described with GeoModel; here pieces of the calorimeters are shown. b) an example of the usage of boolean shapes, where different primitive shapes are combined with boolean operators to build complex shapes. c) an example of the complex geometries that can be described with a mathematical function and a base voume module, through the usage of a GeoSerialTransformer volumes, which are used in a combined way to build complex shapes, as shown in Figure 1 . Two PhysicalVolumes can reference the same LogicalVolume, as shown in Figure 2b ; in that 48 case the LogicalVolume is said to be a shared node. Shared nodes not only simplify the geometry 49 graph, but they also reduce the memory footprint of the graph, because only one instance of 50 the shared object is built, acting as a memory optimization mechanism 2 . In order to reflect this 51 into the persistification mechanism and to get a final file with the smallest size possible, shared 52 nodes need to be persistified once when the first node using them is met, and then reused when with the usage of a Transformation node, which is inserted as child node before the object to 61 place. Thus, not only the parent-child relationship needs to be persistified, but the order of the 62 children nodes as well.
63
GeoModel only provides basic geometry primitives; but more complex objects can be built Figure 2d ), letting the users cut holes in a shape or to add two shapes 66 to make a new one, and so forth (as the shapes shown in Figure 1b ). Boolean shapes need to 67 be persistified as well.
68
The parametrized volumes are created through the usage of the SerialTransformer node. functions, which has been implemented and will be discussed in Section 3.4.
75 Figure 5 shows a more complex example of a geometry tree, where many different nodes, 76 shared nodes and shared sub-trees are used. The GeoModel description of the ATLAS detector is the master copy of all geometry. Detector 80 factories running within an on-line geometry service read a database of primary numbers and 81 build a highly detailed description of ATLAS, which is then translated directly to Geant4 [3] 82 for the full simulation of the detector response.
83
The procedures to build the GeoModel are complex, depend on a large stack of ATLAS 84 software, and lack portability. It is difficult to port the geometry builders into lightweight 85 applications designed to run without the full ATLAS software stack. And so far it was not applications. Moreover, the experiment software is only deployed for very specific platforms 3 .
88
In this work we designed and developed the mechansim to dump the whole description into 89 a database file and provide a portable mechanism to read it back in, to be used for a generic 90 experiment and within stand-alone applications.
91
It is worth to notice that the CPU and memory requirements of the GeoModel are modest. The purpose of this work has been the design and the development of a new mechanism to 97 persistify the GeoModel description and store it into a standalone file. Other stand-alone desktop or web-based applications could make use of the restored detector 175
92
geometry. An example is the new ATLASRift Virtual Reality application [8] which could take 176 great advantage from the serving of the detector geometry through a web-based API.
177
A system to deliver the geomodel data has to fulfill the following requirements: support large 178 number of users, quickly and efficiently deliver potentially large amount of data, provide simple 179 but powerful query syntax via a REST interface, and deliver data in JSON format. We find 180 all these requirements well fulfilled by Elasticsearch [ and application examples will be described in a dedicated paper in the near future. Figure 5 : An example of a geometry tree, where different types of nodes are used. The upper node is the root volume, sometimes known as world volume, which contains the whole tree. All connections in the graph represent a parent-child relationship. A shared sub-tree and a shared transformation are used as well
